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The role of antibodies (Abs) in the resistance to vaginal infection by Candida albicans was investigated by
using a rat vaginitis model. Animals receiving antimannoprotein (anti-MP) and anti-aspartyl proteinase (Sap)
Ab-containing vaginal fluids from rats clearing a primary C. albicans infection showed a highly significant level
of protection against vaginitis compared to animals given Ab-free vaginal fluid from noninfected rats. Preab-
sorption of the Ab-containing fluids with either one or both proteins MP and Sap sequentially reduced or
abolished, respectively, the level of protection. A degree of protection against vaginitis was also conferred by
postinfectious administration of anti-Sap and anti-MP monoclonal antibodies (provided the latter were
directed against mannan rather than protein epitopes of MP) and by intravaginal immunization with a highly
purified, polysaccharide-free Sap preparation. Postinfectious administration of pepstatin A, a potent Sap
inhibitor, greatly accelerated the clearance of C. albicans from rat vagina. No anti-MP or anti-Sap Abs were
elicited during a C. albicans vaginal infection of congenitally athymic nude rats. Although they were as able as
their euthymic counterparts to clear the primary infection, these animals did not show increased resistance to
a rechallenge, demonstrating that induction of anticandidal protection in normal rats was a thymus-dependent
Ab response. Overall, our data strengthen the concept that Abs against some defined Candida antigens are
relevant in the mechanism of acquired anticandidal protection in vaginitis. The T-cell dependence of this
protection may also provide a link between cell-mediated and humoral immunity in vaginal infection.

Vulvovaginal candidiasis is a widespread, common disease
affecting about one third of all women at least once in their
lifetimes; about 5% of these women experience recurrent at-
tacks of the disease (21, 41). The pathogenesis of this frequent
clinical problem remains unknown. Since the incidence of mu-
cosal candidiasis is higher in patients with impaired cell-medi-
ated immunity (CMI), including AIDS patients (28), it is
rather commonly held that susceptibility to vaginal infection by
Candida is controlled by CMI. In a series of studies, Fidel and
collaborators have suggested that local rather than systemic
CMI is an important host defense mechanism of the vaginal
mucosa (17–20). However, the nature of the immunoprotective
factors remains undefined.

In order to understand the fungal and host components
involved in the pathogenesis of candidal vaginitis and immune
responses to Candida albicans, the primary agent of this dis-
ease, we have long been studying a rat model of vaginal infec-
tion (11–14). In this model, we have recently addressed the
potential role of antibodies (Abs) in anti-Candida immunity
and protection at the vaginal level. Assuming that C. albicans
infection is essentially extracellular, we reasoned that if adher-
ence, germ tube formation, and production of putative viru-
lence enzymes, such as aspartyl proteinase(s) (Sap) play a role
in infection (2, 4, 10, 26, 29, 40), it is conceivable that specific
Abs against these factors could be protective. This approach

has recently been substantiated by the observation that, after
clearing the primary C. albicans vaginal infection, animals ac-
quired Ab-mediated resistance to vaginal reinfection with the
fungus (7). However, the specificity of the anticandidal Abs in
the vaginal mucosa was not precisely determined.

Thus, we (i) further investigated the role of specific Abs in
protection, (ii) examined the use of monoclonal reagents di-
rected against various molecular constituents of the fungal cell,
and (iii) determined whether the protective Ab response at the
vaginal level was directed against thymus-dependent antigens.

MATERIALS AND METHODS

Microorganism and growth conditions. The yeast used throughout this study
was C. albicans SA-40, isolated from the vaginal secretion of a patient suffering
from acute vaginitis (6). For the experimental infection, a subculture of the strain
from Sabouraud dextrose agar (Difco Laboratories, Detroit, Mich.) was grown in
yeast extract-peptone-dextrose medium (yeast extract, 1% [wt/vol]; neopeptone,
2% [wt/vol]; dextrose, 2% [wt/vol]) for 24 h at 28°C in a shaker (200 rpm),
harvested by centrifugation (3,500 3 g), washed, and suspended to the required
number in phosphate-buffered saline (PBS; Oxoid, Unipath Ltd., Basingstoke,
England).

Animals. Oophorectomized euthymic and athymic “nude” Rowett rats (body
weight, 80 to 100 g) (Charles River Breeding Laboratories, Calco, Italy) were
used throughout this study. Animal maintenance, estrogen treatment, and mo-
dalities of both the primary infection and the rechallenge were as described
elsewhere (7, 12).

Experimental rat vaginitis. All rats were maintained under pseudoestrus by
administration of estradiol benzoate (Benzatrone; Samil, Rome, Italy) every 2
days. Six days after the first estradiol dose, each animal was inoculated intravag-
inally with 107 yeast cells of C. albicans in 0.1 ml of PBS administered with a
syringe equipped with a multipurpose calibrated tip (Combitip; PBI, Milan,
Italy). The cells in the vaginal fluid were counted by culturing 1-ml samples of
vaginal fluid (taken from each animal by a calibrated plastic loop [Disponoic;
PBI]) on Sabouraud agar containing chloramphenicol, at 28°C for 72 h. One
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vaginal sample per rat was evaluated, and a rat was considered infected when at
least 1 CFU was present in one loop of vaginal fluid, i.e., a count of $103 CFU/ml
(11).

For Ab analysis, samples of vaginal fluids were taken at regular intervals from
each animal by gently washing the vaginal cavity with 0.5 ml of PBS, as described
elsewhere (7). The collected fluid was centrifuged at 3,500 3 g for 15 min in a
refrigerated Biofuge, and the supernatant was assayed as described below.

ELISA to detect Abs against C. albicans constituents in vaginal fluids. The
presence of anti-Candida Abs in the vaginal washes was assayed by a previously
described enzyme-linked immunosorbent assay (ELISA) (7). Briefly, 200 ml of a
mannoprotein (MP) extract (4, 43) solution (5 mg/ml in 0.2 M sodium carbonate)
was used as coating antigen by dispensing it into the wells of a polystyrene
microtitration plate which was kept at 4°C overnight. After three washes with
Tween 20-PBS buffer, twofold dilutions of vaginal fluids were distributed in
triplicate wells, and the plates were incubated for 1 h at room temperature. Each
well was washed again with Tween 20-PBS buffer, and predetermined optimal
dilutions of alkaline phosphatase conjugate with sheep anti-rat immunoglobulin
G (IgG), IgM, or IgA (Serotec Ltd., Kidlington, Oxford, United Kingdom) were
added. Controls were plates without any coating antigen. Bound alkaline phos-
phatase was detected by the addition of a solution of para-nitrophenyl phosphate
in diethanolamine buffer, and the plates were read at A405 with an automated
microreader (Labsystem Multiscan, Helsinki, Finland) blanked against air.

For anti-Sap Ab detection, the same ELISA was used, except that a highly
purified, non-mannan-containing Sap preparation (Sap2; kindly provided by
P. A. Sullivan, Dunedin, New Zealand) was used. The preparation was checked
for the degree of enzyme purification as described by Ross et al. (38), the
presence of its characteristic single electrophoretic band was confirmed by so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis, and its identity was
confirmed by Western blotting with a specific anti-Sap2 serum (11, 38). Vaginal
fluid was considered positive for a determined Ab when the optical density was
greater than 2 standard deviations from the mean value for the well coated with
the same antigen and for the assay of the irrelevant Ab-negative vaginal fluid
from an uninfected rat (7).

Active immunization. Five rats under the usual estrogen treatment (see above)
were immunized intravaginally with 100 ng of Sap which was emulsified in 0.1 ml
of complete Freund adjuvant (Difco Laboratories) (days 0 and 7) or suspended
in PBS (days 14 and 21). Two other groups of five rats each received the same
volume of adjuvant or PBS only. On day 30, all animals, under the usual estrogen
treatment, were challenged intravaginally with 107 cells of C. albicans, and
vaginal CFU were enumerated as described above. The experiment was re-
peated, and vaginal fluids were harvested for assessment of anti-Sap Abs.

Absorption of immune vaginal fluid with C. albicans constituents. Vaginal
fluids containing anti-MP and anti-Sap Abs were separately absorbed onto ni-
trocellulose sheets precoated with 5 mg of MP or Sap or 10 mg of capsular
polysaccharide of Bacteroides fragilis as a control. This was referred to as the
irrelevant antigen and was kindly offered by A. Pantosti, Laboratory of Bacteri-
ology and Medical Mycology, ISS, Rome, Italy. Some immune vaginal fluids
containing anti-MP and anti-Sap Abs were tested with both antigens sequen-
tially. The presence of anti-MP and anti-Sap Abs was checked by ELISA before
and after absorption. Vaginal fluids from noninfected animals were also used as
a control.

In vivo treatment with pepstatin. Pepstatin A (P 4265; Sigma Chemical Co., St.
Louis, Mo.) was dissolved in 95% ethanol, diluted 1:50 in sterile H2O, and
administered intravaginally at a final concentration of 100 mg in 0.1 ml to a group
of five estrogen-treated rats which had been infected (30 min before pepstatin
administration) with the usual challenging dose of 107 C. albicans cells. Control
rats received pepstatin diluent or PBS only. Treatment with the drug or the
diluent was continued daily for 7 days.

Treatment with monoclonal antibodies. The monoclonal Abs (MAbs) used
throughout this study were MAb AF1 (IgM), which recognizes a polysaccharide
epitope of C. albicans MP (5); MAbs 4C8 and 8E11 (both IgG1), which recognize
two distinct polypeptide components of MP (23); and GF1 (IgG1), which is
directed against the Sap2 of C. albicans (unpublished data). Before use, the
specificities were checked by Western blotting, and the MAbs were intravaginally
administered at identical protein concentrations (100 mg/ml). All MAbs were
purified on protein A affinity columns as described elsewhere (32).

Passive transfer of Abs. Vaginal washes were collected by the method de-
scribed above from rats which had cleared a primary vaginal infection with C.
albicans (7). Uninfected rats were also used as donors of nonimmune vaginal
fluid. Either unadsorbed or antigen-adsorbed fluids (see above) were brought to
identical protein concentrations, and 0.5 ml of each fluid was administered
intravaginally into naive, nonimmunized, oophorectomized, and estradiol-
treated rats. After 30 min, each recipient rat was inoculated with C. albicans at
the usual challenging dose of 107 cells, and the number of C. albicans vaginal
CFU was determined as described above.

Effector cell preparations. The spleens of euthymic and athymic rats were
aseptically removed and gently minced in lysis buffer (0.16 M Tris-buffered
NH4Cl, pH 7.2), and the cellular debris was removed. The cell suspensions were
counted and diluted for proliferation assays to an appropriate concentration (2 3
105/ml) in RPMI 1640 medium (Flow Laboratories, Irvine, United Kingdom)
containing 10% heat-inactivated fetal calf serum, 2 mM L-glutamine (Gibco

Laboratories, Grand Island, N.Y.), 100 IU of penicillin per ml, 100 mg of strep-
tomycin per ml, and 20 mM HEPES (complete medium; Gibco).

Heparinized venous peripheral blood was taken aseptically by cardiac punc-
ture from CO2-anesthetized rats. Peripheral blood mononuclear cells were iso-
lated by centrifugation on Ficoll-Hypaque (Lymphoprep; Nicamed, Oslo,
Norway) gradients, washed twice, counted, and finally resuspended at the ap-
propriate concentration in complete medium for the cytofluorimetric assay.

Cell proliferation. Peripheral blood mononuclear cells and spleen cells were
dispensed into tissue culture-treated, plastic, 96-well, round-bottomed microtiter
plates (Costar, Cambridge, Mass.) at a final concentration of 105 cells/0.1 ml and
cultured in a total volume of 200 ml of culture medium with different concen-
trations of concanavalin A (5.0, 2.5, and 1.25 mg/ml), phytohemagglutinin (2.0,
1.0, and 0.5 mg/ml), and human recombinant interleukin-2 (hrIL-2; 500, 250, and
50 IU/ml) for 72 h or MP (100, 50, and 10 mg/ml) for 7 days, at 37°C in a 5% CO2
humidified atmosphere.

Cell proliferation was evaluated by thymidine (TdR) incorporation (0.5 mCi of
[3H]TdR per well; 6.7 Ci/mmol; New England Nuclear, Boston, Mass.) during
the last 6 h of a 72-h culture. MP-induced cell proliferation was measured as
described above, but [3H]TdR was added during the last 18 h of a 7-day culture.
Incorporation of [3H]TdR was measured by standard liquid scintillation counting
techniques after the cells were harvested with the Skatron (Oslo, Norway) har-
vester. All cultures were run in quadruplicate.

Immunofluorescence and flow cytometric analysis. T-cell phenotype was eval-
uated by immunofluorescence and fluorescence-activated cell sorter analysis with
the following murine MAbs: fluorescein isothiocyanate (FITC)-conjugated anti-
rat CD4 and anti-T-cell receptor ab and phycoerythrin-conjugated anti-rat CD5
and anti-CD8 (PharMingen, San Diego, Calif.). Natural killer (NK) phenotype
was evaluated with a mouse FITC-conjugated anti-rat MAb (Serotec Ltd.) that
recognizes NK-RP1, a triggering structure selectively expressed on rat NK cells
(9). As CD8 antigen is expressed on both T and NK cells, CD81 T cells were
evaluated by subtracting the number of NK-RP11 cells from the total number of
CD81 cells. Phycoerythrin mouse IgG1 and FITC mouse IgG2a (PharMingen)
served as negative controls.

Peripheral blood lymphocytes (PBLs) and spleen cells from Rowett nude rats
were suspended in complete medium and incubated with the appropriate Ab or
negative control for 30 min at 4°C. After three washes with cold PBS, the cells
were analyzed for relative fluorescence intensity. The percentage of positive-
stained cells determined for 10,000 events was analyzed on a FACScan cyto-
fluorimeter (Becton Dickinson, Mountain View, Calif.). Fluorescence intensity
was expressed in arbitrary units on a logarithmic scale.

Statistics. All differences in the mean numbers of CFU of C. albicans in
vaginal fluids were assessed by Student’s t test, while the differences in the ratios
of the number of infected rats/total number of rats was evaluated by the Mann-
Whitney U test. In both cases, the significance was set at a P value of ,0.05
(two-tailed test).

RESULTS

Outcome of primary and secondary vaginal infections in
congenitally athymic nude rats. In order to investigate whether
the protection (and the Ab response) conferred upon rats by a
primary C. albicans infection was thymus dependent, experi-
mental vaginitis was reproduced in congenitally athymic nude
rats. Before this investigation, we verified the phenotype and
function of spleen and PBLs of the nude rats used throughout
our experiments. Immunocytometric analysis of PBLs demon-
strated that slightly less than 50% of the cells had the marker
NK-RP1 and only 6% of the cells had the rat T-cell antigen
CD5. Among the latter, ,2% were CD41 and approximately
5% were ab T-cell receptors. Spleen cells were only 2% CD51.
Neither the PBLs nor the splenocytes proliferated in vitro to
any appreciable extent in response to mitogens such as con-
canavalin A, phytohemagglutinin, or IL-2 (data not shown).

Table 1 shows the outcome of primary and secondary chal-
lenges of athymic rats with C. albicans. The animals showed a
primary infection not dissimilar in extent and duration to that
observed in euthymic rats (see below and reference 7). In fact,
following an intravaginal inoculation with 107 yeast cells, .1 3
105 to 1 3 104 Candida CFU/ml of vaginal fluid was found in
the first week postinfection, and then the vaginal Candida
burden slowly decreased to close to 103 cells by four weeks.
Smears of vaginal fluids from rats taken at intervals during
infection, starting at day 1, showed intense hyphal growth (not
shown).

When, after clearance of the primary infection (40 days), the
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same animals were rechallenged with 107 fungal cells, the in-
fection was reestablished, with vaginal CFU counts equalling
those during the primary infection and kinetics similar to those
of Candida clearing (Table 1). This experiment, which was
repeated twice with similar results, clearly demonstrated that
the athymic rats which cleared a primary infection were not
protected against a secondary fungal challenge.

Vaginal fluids from rats taken at intervals during both the
primary and the secondary infections were evaluated for the
presence of anti-MP or anti-Sap Abs. No such Abs were con-
sistently found during either challenge. Only occasionally (two
rats on day 7 and two on day 28 during the primary infection
and another two rats on day 7 of the secondary infection) were
vaginal fluids positive for the MP antigen only, but the re-
sponse was low, and the Abs belonged exclusively to the IgM
isotype.

As a control, an experimental infection in euthymic rats
under the conditions selected for the present study was re-
peated. These animals, in contrast to the athymic ones, were
essentially resistant to a second challenge with C. albicans
(,103 candidal CFU within the first 5 days after challenge) (7).
Consistent levels of both anti-MP and anti-Sap Abs (predom-
inantly of the IgG class) were found in the euthymic rats’
vaginal fluids, mostly during the secondary infection, confirm-
ing previous results (7).

Passive transfer of immunoprotection by vaginal fluids con-
taining anti-MP and anti-Sap Abs. To assess the extent to
which the vaginal anti-MP or anti-Sap Abs of euthymic rats
were responsible for protection against a secondary challenge
by C. albicans (7), we performed passive protection experi-
ments whereby the immune vaginal fluids were adsorbed with
MP or Sap or both and were then administered into the vaginal
cavities of rats (single administration) 30 min before C. albi-
cans challenge. The controls were rats receiving (i) C. albicans
cells only, (ii) nonabsorbed immune vaginal fluid (thus con-
taining both anti-MP and anti-Sap Abs and possibly other
Abs), (iii) nonimmune vaginal fluid (without anti-MP and anti-

Sap Abs), and (iv) immune vaginal fluid previously absorbed
with an irrelevant antigen and still containing both anti-MP
and anti-Sap Abs. Because the effect of passive transfer of a
single Ab administration was manifested mostly in the initial
stages of the infection (7, 36), Table 2 shows only the data
collected during the first week after C. albicans challenge.

Control rats receiving only C. albicans cells had the usual (7,
11–13) fungal burden vaginally for the whole duration of the
observation, similar to the animals which were pretreated with
vaginal fluids from nonimmunized rats. In contrast, the ani-
mals receiving immune vaginal fluid containing both anti-MP
and anti-Sap Abs showed a reduction of at least 50% in the
number of CFU from the first day after infection, and the
reduction persisted for one week, with P values always ,0.05.
A similar decrease in vaginal C. albicans burden was detected
in animals given immune vaginal fluid preabsorbed on irrele-
vant antigen (Table 2).

The animals receiving vaginal fluid containing only anti-MP
or anti-Sap Abs appeared to be less protected compared to
those subjected to passive transfer of both Abs (especially
considering the first day after challenge [Table 2]). However,
they still eliminated the Candida cells more rapidly than the
controls not given immune fluid, and their protective activity
tended to equal that of animals given anti-Sap plus anti-MP
Ab-containing vaginal fluid later during infection (day 7). Fi-
nally, the rats treated with vaginal fluid from which both an-
ti-MP and anti-Sap Abs had been eliminated by sequential
absorption on the respective antigens showed kinetics of vag-
inal infection similar to those of control rats that were not
pretreated or were given Ab-free vaginal fluids.

Overall, the data showed that passive transfer of Abs confers
protection against Candida challenge and suggest that both
anti-MP and anti-Sap Abs contribute to the protection. The
fact that no residual protection was conferred by vaginal fluids
that were absorbed to remove anti-MP and/or anti-Sap anti-
bodies also demonstrates that other unspecified Abs which

TABLE 1. Outcome of primary and secondary vaginal infections in athymic ratsa

Infection
Mean C. albicans vaginal CFU 6 SE (no. of rats infected/total) on daya:

0 1 2 7 14 21

Primary .100 (10/10) 94.5 6 4.2 (10/10) 85 6 3.5 (10/10) 47.2 6 6.6 (8/10) 19.7 6 4 (7/10) 16.2 6 4.6 (4/10)
Secondary .100 (10/10) 94.1 6 6.7 (10/10) 74.1 6 7.3 (10/10) 45 6 8.7 (8/10) 16 6 4 (6/10) 4 6 2 (4/10)

a There were no statistically significant differences between primary and secondary infections at any time point for either CFU (data expressed as 103 CFU/ml) or
the ratio of the number of infected rats to the total number of rats tested. Rats were considered infected when vaginal CFU counts were more than 103/ml (7).

TABLE 2. Outcome of vaginal infection in rats subjected to passive transfer of various vaginal fluids before challenge with C. albicans

Type of pretreatment Type of Ab present
Mean C. albicans vaginal CFU 6 SE (103/ml) on daya:

0 1 2 7

None None .100 .100 98 6 2 47 6 3
Nonimmune vaginal fluid None .100 .100 .100 62 6 4
Immune vaginal fluidb Anti-MP, anti-Sap .100 50 6 5* 43.4 6 5* 22 6 3*
Immune vaginal fluid after absorption on

irrelevant antigen
Anti-MP, anti-Sap .100 44 6 7* 60.2 6 8.4* 22 6 4*

Immune vaginal fluid after absorption on MP Anti-Sap .100 77 6 8* 66 6 3.5* 30 6 4*
Immune vaginal fluid after absorption on Sap Anti-MP .100 60 6 6.5* 58 6 9* 30 6 5*
Immune vaginal fluid after absorption on Sap

and MP
No anti-MP, no anti-Sap,

possibly other unknown Abs
.100 .100 .100 65 6 5

a There was a statistically significant difference (P , 0.05, two tailed) between all values with asterisks and those for rats which did not receive any pretreatment and
those for rats receiving MP- and Sap-preabsorbed immune vaginal fluid.

b Immune vaginal fluid was taken 7 days after a rechallenge from rats which cleared a primary C. albicans infection (7).
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may have been induced by the primary C. albicans infection are
unlikely to play a protective role.

Passive protection with anti-MP and anti-Sap MAbs. The
data presented above prompted us to assess the effect of in-
travaginal administration of anti-MP and anti-Sap MAbs. For
the former, three Abs were selected, two of which recognized
distinct polypeptide epitopes (MAbs 4C8 and 8H11) and one
of which recognized a mannan epitope (MAb AF1). Before
use, the specificity of each MAb was rechecked by Western
blotting. All MAbs were used at identical protein concentra-
tions in a single intravaginal administration 30 min before
challenge.

As shown in Table 3, both antimannan and anti-Sap MAbs,
but not MAbs specific for polypeptide epitopes of MP, con-
ferred early protection to rats (day 1) substantially comparable
to that conferred by the passive administration of the immune
vaginal fluid containing polyclonal anti-MP and anti-Sap Abs.
Notably, the anti-Sap MAb, which is nonagglutinating and
nonreactive with fungal cell surface, gave the same immediate
protection (on day 1) as did the agglutinating antimannan
MAb (.50% reduction of CFU counts; P , 0.05, two tailed).
This protection was maintained at least until day 10, when only
one rat of five given the anti-Sap MAb was still infected, with
low Candida burden (Table 3).

Protection induced by vaccination with Sap2. Since, as
shown above, both anti-Sap and antimannan Abs conferred
protection against vaginal Candida challenge, and since it was
previously shown that active immunization with a mannan ex-
tract conferred protection (7), we examined here whether pro-
tection could also be achieved by active immunization with the
Sap antigen itself. The animals were therefore immunized by
intravaginal administration of the enzyme in Freund’s adju-
vant; either unimmunized rats or rats given only Freund’s ad-
juvant served as controls.

As shown in Fig. 1, rats administered the Sap preparation in
adjuvant were indeed protected from vaginitis compared to
rats given the adjuvant only or PBS. In Sap-immunized ani-
mals, specific anti-Sap Abs of IgG and IgA classes were elicited
(data not shown).

Protective effects of pepstatin A. Since pepstatin is a well-
known Sap inhibitor (39), we wondered whether treatment of
C. albicans-infected rats with this substance would affect the
rate of fungal clearance from the vagina. As shown in Table 4,
treatment of infected rats with 100 mg of pepstatin induced
about a .50% reduction of vaginal Candida burden during the
experiment.

DISCUSSION

Experimental models of vaginitis in rodents have recently
been used to study the anti-Candida response and mechanisms
of protection at the vaginal level (8, 21). Somewhat contrary to
expectations based on clinical observations, these studies dem-
onstrated that systemic CMI, although promptly elicited by
vaginal Candida infection, has no effect on anticandidal pro-
tection at the vaginal level (17–20). As discussed by Fidel and
Sobel (21) and by Cassone et al. (8), it seems more likely that
a number of interplaying mechanisms, including local CMI and
humoral immunity, may protect against vaginal infection by
Candida.

Previous studies have shown that both adherence and Sap
production are likely to exert a role in the mechanisms by
which C. albicans infects and persists in the vagina (reviewed in
reference 10). It has also been suggested that adherence and
Sap may be interrelated in the expression of fungal pathoge-
nicity (22). Another factor in the pathogenesis of vaginitis may

TABLE 3. Outcome of vaginal infection with C. albicans
in rats treated with MAbs against MP and Sap

MAba Specificity

Mean no. of C. albicans vaginal CFU 6 SE)b

(no. of rats infected/total) on day:

0 1 10

None .100 (5/5) .100 (5/5) 30 6 6 (4/5)
AF1 Antimannan .100 (5/5) 37 6 3* (5/5) 10 6 2* (4/5)
4C8 Anti-MP (protein) .100 (5/5) .100 (5/5) 22 6 2 (4/5)
8E11 Anti-MP (protein) .100 (5/5) .100 (5/5) 18 6 10 (5/5)
GF1 Anti-Sap .100 (5/5) 54 6 8* (5/5) 2 6 1* (4/5)

a Used in a single intravaginal administration 30 min after C. albicans chal-
lenge at a concentration of 100 mg of affinity-purified reagent per ml.

b Asterisks indicate a statistically significant difference (P , 0.05, two tailed)
from vaginal CFU counts (expressed as 103 CFU/ml) of controls (rats given no
MAb).

FIG. 1. Outcome of vaginal infection in oophorectomized, estradiol-treated
rats immunized intravaginally with a Sap preparation in adjuvant (■) or given
adjuvant alone (Ç) or PBS (h) before challenge with C. albicans. There were five
rats per group. Starting day 1 postinfection, there was always a statistically
significant difference (P , 0.01, two-tailed, Student’s t test) between the numbers
of vaginal CFU in the animals given Sap and those in rats given the adjuvant or
PBS only (with the exception of CFU of Sap-immunized versus adjuvant- or
PBS-treated rats on day 5, when the difference was significant at a P value of
,0.05). The data are from one of two independent experiments which had
similar results. SE, standard error.

TABLE 4. Outcome of vaginal infection with C. albicans
in rats treated with pepstatin

Treatment

Mean no. of C. albicans vaginal
CFU 6 SE on daya:

0 1 2 15

PBS .100 .100 96 6 4 58 6 7
Pepstatin diluentb .100 .100 .100 49 6 3
Pepstatinc .100 55 6 1* 40 6 6* 15 6 2*

a Data are from one of two independent experiments (each with five rats per
group) with similar results. Asterisks indicate a statistically significant difference
(P , 0.05, two tailed) between vaginal CFU counts (data are expressed as 103

CFU/ml) of pepstatin-treated rats and those of controls (PBS or diluent treated).
b 1.9% (vol/vol) ethanol in water/0.1 ml (see below for the duration of treat-

ment).
c Used at a concentration of 100 mg/ml in 1.9% ethanol in water solution and

administered intravaginally 30 min after challenge, then daily for 7 days.

3402 DE BERNARDIS ET AL. INFECT. IMMUN.



be the capacity of C. albicans to grow in a hyphal form, which
seems to be associated with both the adherence and the ex-
pression of some members of the Sap family of isoenzymes (10,
25, 26). This form of growth may be important for pathoge-
nicity because it may conceal immunodominant and protective
C. albicans antigens, thus potentially conferring to the fungus
the ability to escape from immune responses which are natu-
rally elicited against the commensal yeast form (6, 10, 13, 21,
35, 44).

On the basis of these findings and the assumption that Abs
could be among the humoral factors that play a role in anti-
candidal defense at the vaginal level, we found that passive
transfer of vaginal fluids from C. albicans-immunized rats con-
ferred protection to nonimmune rats and that this protection
was associated with the Ig-containing fraction of the vaginal
fluid (7). These results were strengthened by the independent
discovery of candidacidal, protective, killer toxin-mimicking
Abs naturally elicited in women with candidiasis or C. albicans
carriage (37).

Although the immune vaginal fluid contained both anti-MP
and anti-Sap Abs, and its protective ability was clearly reduced
upon absorption on C. albicans yeast cells (7), our previous
studies did not establish whether antimannan, anti-Sap, or
other Abs with undefined specificity were responsible for the
protection. Thus, we tried to establish more definitely the na-
ture of the protective Abs by using selective adsorption and
monoclonal reagents directed against the two putatively in-
volved fungal antigens. We also examined whether the Ab
response was directed against a T-dependent antigen.

The results obtained in the present investigation strongly
suggest that both antimannan and anti-Sap Abs may play a role
in the protection conferred by immune vaginal fluid. The Ab
adsorption experiments demonstrated that the specificities of
both Abs were indeed required for optimal protection, as nei-
ther Ab alone was sufficient to confer the same optimal level of
protection given by the whole immune vaginal fluid. These
experiments also showed that other undefined Abs are unlikely
to participate in the protection, because no residual protection
was observed in rats subjected to passive transfer of the vaginal
fluid that had been preabsorbed with both MP and Sap.

The use of MAbs confirmed the above results. In fact, both
antimannan and anti-Sap reagents conferred passive protec-
tion against the vaginal challenge. Two other MAbs directed
against protein moieties of MP were ineffective, somewhat
confirming that the protective anti-MP Ab needs to recognize
a polysaccharide moiety. It would be of interest to establish the
exact nature of this protective polysaccharide. Further studies
with an expanded panel of MAbs with well-defined epitope
specificities and a number of isotype-matched irrelevant MAbs
as controls are required to clarify this issue.

Han and Cutler have recently reported the induction of Ab
protective response by a mannan adhesin in a murine systemic
C. albicans infection (24), in keeping with previous assump-
tions on the importance of Abs in controlling systemic candi-
diasis (33). An antimannan adhesin MAb (MAb B6.1) was also
protective, and its protection was independent of agglutination
(24). Whether MAb AF1 and MAb B6.1 recognize the same or
related mannan epitopes has not been determined, although
both epitopes are contained in chemically similar phosphoman-
noprotein complexes of C. albicans (6, 24, 27, 43, 44).

Another aspect of interest in this investigation is the capacity
of a saccharide-free Sap preparation to confer active protec-
tion. The protection was coupled with specific Ab production
and was presumably dependent on it, as inferred from the
passive transfer of protection by anti-Sap Ab-containing vagi-
nal fluids. The level of Sap-dependent protection was compa-

rable to that previously obtained from active immunization
with a mannan extract, overlapping the protection resulting
from the clearing of the primary infection (7).

Also of interest are our findings that pepstatin A, a strong C.
albicans Sap inhibitor (26, 39), reduced the level of vaginal
infection by C. albicans. An anti-Candida effect of pepstatin
has previously been reported by Ruchel et al. (39) in a model
of murine-disseminated infections. Pepstatin may also affect
adherence (1, 22), but this inhibitory activity is generally re-
garded as being mediated by the effect of pepstatin on Sap
(26). More recently, Fallon and collaborators (16) have shown
that pepstatin A reduces mortality by C. albicans in an intra-
nasal inoculation model of murine-disseminated infection,
somewhat confirming our previous assumptions about the role
of Sap in mucosal rather than systemic infections (4, 11). All of
these protective effects add to other indirect evidence favoring
Sap’s being a true virulence factor of C. albicans (4, 29, 38).

As for the different mannan molecules, it is difficult to define
exactly the putative protective Sap antigen. Sap constitutes a
family of at least eight homologous isoenzymes encoded by the
SAP1-SAP8 gene family (25, 26). We obtained some evidence
that both SAP1 and SAP2 genes are expressed during experi-
mental vaginal infection (14). The Sap preparation that we
used for active immunization, detection of anti-Sap vaginal
Abs, and MAb GF1 production is very likely to be the Sap2
isoenzyme, as it was obtained under induction and expression
conditions typical for this isoenzyme (26, 38). It was purified as
a single electrophoretic band by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis and was shown to be carbohy-
drate free (38). Nonetheless, the homology between all isoen-
zymes of the family could imply that the protective epitopes
might be common to the different Sap proteins, thus eliciting
polyclonal Abs with a reactivity against most or all members of
the Sap family. From this point of view, the identification of the
epitope recognized by the anti-Sap MAb GF1 could be partic-
ularly important owing to the demonstrated protective ability
of this MAb in vaginal infection.

The protective Abs proved to be directed against T-depen-
dent antigens, as either no Ab response or an inconsistent Ab
response against mannan or Sap was elicited by the primary
Candida infection in nude rats and no protection was therefore
conferred to these animals by the spontaneous clearing of the
primary infection. While the T-cell dependence of the anti-Sap
response is not surprising, that of the antimannan Ab response
warrants some discussion. Mangeney et al. (31) demonstrated
that in vitro antimannan Ab production is T-cell independent,
type 2, meaning that T-cell-derived cytokines are needed for
B-cell activation (42). Different from artificially prepared,
deproteinated mannan extracts (5, 15, 31), our MP prepara-
tions contain covalently bound protein that makes a polysac-
charide response most likely to be T dependent. One of these
proteins (MP65) has recently been identified as a major target
of the T-cell response in humans (23).

The T-cell dependence of the induction of anti-Candida Ab
response and the consequent protection in rat vaginitis may
provide a link between clinical observations which point to a
role for CMI in the surveillance against mucosal and cutaneous
forms of candidiasis (3, 21) and the results of our recent studies
on the protective role of vaginal Abs (7, 8, 36, 37). We ob-
served that athymic (nude) rats were unable to raise any con-
sistent antimannan or anti-Sap Abs and were not protected
against secondary infection, although they cleared the primary
infection as efficiently as the euthymic animals. Our data sug-
gest that an efficient CMI at the vaginal level may play a role
in protection by providing the necessary help for the right Ab
formation.
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Previous clinical and immunological observations did not
provide firm evidence for the presence of protective Abs in the
vaginas of women after resolution of an infectious episode. In
contrast, even elevated anti-Candida Ab titers were detected in
some patients suffering from recurrent vaginitis attacks (21,
34). However, neither the specificity nor the isotype of these
anti-Candida Abs (which did not confer protection and even
enhanced infection) was determined in the above studies. It is
not expected that every anti-Candida Ab is protective, espe-
cially in view of the Candida commensalism with humans and
the expected plethora of irrelevant anti-Candida Abs (8). De-
spite this, at least one type of protective anti-Candida Ab has
been recently found in the human vagina. This Ab mimicked in
its function the yeast killer toxin and was probably directed
against a transphyletic receptor (37). Recombinant anti-idio-
typic Abs in the single chain format, mimicking the yeast killer
toxin and binding to a Candida cell wall receptor, were also
cytocidal and highly protective against rat candidal vaginitis
(30). However, the protection reported in the present paper is
not attributable to the anti-idiotypic Abs which were not found
in the vaginal immune fluid used in this investigation. More-
over, the absorption experiments clearly demonstrated that the
protection must be ascribed, at least predominantly, to anti-
mannan and anti-Sap Abs.

Further studies need to address more specifically the nature
of the protective epitopes as well as the mechanisms of anti-
candidal protection exerted by Abs at the vaginal level. It is
important to establish whether these protective antigens and
mechanisms are operating or being impeded in the human
vagina. These studies may provide a valuable approach to the
possible use of Abs (or their engineered derivatives) and Can-
dida vaccines for a very widespread and sometimes difficult-
to-treat human infection such as candidal vaginitis.
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